Introduction
Human embryonic stem cells (ESC) exhibit self-renewal and pluripotential differentiation (1) .
Adult tissue specific stem cells renew their own tissue and may also exhibit plasticity by transdifferentiation into cells of other tissues. Research on stem cells attracted recently the attention of the public as well as the scientific and medical community because of their potential for cell replacement therapy with the option to personalized stem cells produced by nuclear transfer (2) .
The gene expression profile of ESC can be highly informative with regard to their self renewal and pluripotency properties. Although some genes that are important for maintaining the undifferentiated state of ESC were identified (e.g. NANOG (3) OCT4 (4)) the genetic program and design principle that underlies the pluripotency of stem cells is not well understood.
Recent work used microarray analysis to characterize the gene expression profile of several human ESC cell lines and to compare it to that of closely related tumors like embryonal carcinoma and seminoma or to a variety of somatic cell lines (5) . The results demonstrated the high similarity in expression profiles between the various ESC lines, the close relationship of ESC profiles to those of embryonal carcinoma or seminoma and a distant relationship to somatic cell lines. They identified 895 genes that were expressed in human ESC at higher level than in control samples. Another study compared ESC profiles to a mixture of RNA obtained from various adult tissues (universal RNA) assuming that it represents a reference point for differentiated adult cells (6) . In this study a group of 92 genes were found to be enriched in expression in all six human ESC tested and were considered a molecular signature of the stemness properties of ESC.
We wished to compare the expression profile of human ESC to that of defined adult tissues and their progenitors, which are related to the much sought for minor population of adult tissue stem cells. For this study we chose blood and epidermis because they exhibit tissue renewal throughout life, and the differentiated cells of such tissues have a short life span and do not divide. We isolated hematopoietic cells' progenitors from whole peripheral or cord blood by adsorption to anti CD133 (7) , and the keratinocytes' progenitors by taking advantage of the differential expression in the hemidesmosomal integrins β1 and β4 of epidermal keratinocytes (8, 9) . The expression profiles of ESC and of such cell populations represent snapshots of cell states, from embryonal stem cells through tissue progenitor to differentiated cells; comparison of such a sequence of expression profile may help to elucidate the gene expression pattern which is unique for embryonic stem cell and may be responsible for their properties.
We found that ESC express significantly more genes than adult tissue cells; many of these genes are downregulated upon differentiation to adult tissue cells. The down-regulated genes that are unique in their expression to ESC include genes that were identified previously as responsible for pluripotency and self-renewal, such as NANOG (10) OCT4 (4) and others. Surprisingly many of the down-regulated genes are known to be expressed in a variety of other adult tissues. On the other hand, some other genes that are specific to the target tissue (e.g. epidermis, blood) are upregulated with respect to their expression in ESC. We suggest the hypothesis that in order to maintain their pluripotency, many differentiation options are primed in ESC by promiscuous gene expression just in case some of them will be needed for the target tissue towards which the ESC is instructed to differentiate. This represents a design principle of stem cells that accounts for both self renewal and pluripotency. A prime candidate for pluripotential differentiation is the parsimonious "just in time" strategy; expressing genes only when needed, i.e. at the moment of commitment to a particular differentiation path. The opposite extreme is the seemingly more wasteful "just in case" strategy, which keeps a wide repertoire of expressed genes, to be present in case a particular path is selected. Our results indicate that stem cells keep thousands of non specific genes expressed ("just in case") that are selected for upregulation or quenched (if not needed) upon differentiation.
Methods

Isolation and characterization of cell samples used for microarrays analysis
Human ESC were obtained from H9.2 cloned line, a derivative of H9 that was previously isolated from the blastocytes' inner cell mass (11, 12) . Several surface markers typical of primate ESC (11, 12) were examined using immunofluorescent staining. The H9.2 cells were found to be positive for the surface markers SSEA4, TRA-1-60 and TRA-1-81. RT-PCR analyses further showed the expression of the pluripotency markers NANOG and OCT4.
Similar to other ESC, once removed from its feeder layer and cultured in suspension (13), the H9.2 line formed Embryoid Bodies (EB), including cystic EB. Histology sections revealed different cell types within these EB. The injection of undifferentiated H9.2 cells into the hindlimb of SCID-beige mouse resulted in the generation of a teratoma which possessed representatives of the three germ layers.
Human keratinocytes were obtained from 12 pooled neonatal foreskins as previously described (14) or from primary culture of normal human keratinocytes. To obtain progenitor/stem cells from keratinocytes, we took advantage of their differential expression of the integrins β1 and β4 (8, 9) . The keratinocytes were separated into 3 fractions by differential adsorption on native collagen IV, a fundamental epidermal basement membrane component and a ligand of integrins β1 and β4. Rapidly adherent cells on collagen-IV coated plates were obtained after 0.5h of incubation and harvested as keratinocytes stem/progenitor cells (KSPC). Unadsorbed cells were re-plated on new collagen-IV coated plates and the cells adsorbed after 24h were harvested and collected as transit amplifying cells (TAC) whereas the unadsorbed cells after 24h were collected as differentiated keratinocytes (KDC). Cells from the three fractions were analyzed for clonogenicity and expression of known markers (14) . RNA extractions and microarray. Gene expression was measured by hybridization to Affymetrix U133A GeneChip® DNA microarrays, containing ~22,000 probe sets (PS). RNA extractions were performed by the RNA isolation reagent TRIzol®, and RNA integrity was assessed by gel electrophoresis. 10 µg total RNA was used to prepare biotinylated target cRNA according to Affymetrix™ procedures. sample means a significant expression above the average in this sample. This criterion was used by others (20) and we also defined a PS with a centered and normalized value above 0.3 as highly expressed. Table 1 shows that 4550 PS satisfy this criterion in ESC; this number is significantly higher than the number of similarly identified genes that are highly expressed genes in the adult differentiated state (~3000 PS).
Bioinformatics
We wanted to classify these genes in order to know whether they are specific to the embryonic state and for this we studied the expression levels of these 4550 PS in a wide group of adult tissues. This was done using the GNF dataset (http://expression.gnf.org/cgi-bin/index.cgi) described by Su et al (18) who studied the expression level of 21 human tissues (see Methods).
The 4550 PS were converted from U133A PS to U95A PS and then were classified into 3 groups as follows: (a) Genes that are highly expressed in ESC but not in any adult tissue that was analyzed (18) (low expression is considered less than a signal of 50 as calculated by the affymetrix MAS 5.0 software) (b) tissue-specific genes, expressed in 1-2 tissues (c) genes expressed in multiple adult tissues (> 2 tissues). This analysis was performed by enumeration of graded expression levels for each PS in every tissue (see Methods).
We found that from 4550 PS that are expressed in ESC, 700 PS are not expressed in any of the adult tissues studied by Su et al (18) . This number is similar to that obtained by others (5 PS is due to the fact that the within-group variance of the genes in the K pathway significantly exceeded that of the same groups in the H pathway. We present in (Fig. 3B ).
Clustering analysis shows distinct stem cells specific genes. We clustered (17) the samples of groups A (8290 PS) and B (5432 PS) separately, to identify distinct differentiation-related variations of the expression profiles, and to assign genes to clusters of similar patterns of expression. Fig. 4 depicts the expression matrix after clustering of the genes in the H (Fig. 4A) and K (Fig. 4B) pathways. Six clusters are clearly shown: clusters H1, H2 and H3 contain ESC genes that were down-regulated along differentiation in the H pathway and K1, K2, K3 were downregulated in the K pathway. Clusters 4 and 5 contain genes that were upregulated along the virtual differentiation pathways (H or K). Clusters 6 contain genes expressed only in adult stem/progenitor cells, whereas clusters 3 contain genes that show expression only in ESC.
Clearly, ESC and adult stem progenitor cells have different gene expression profiles. The lists of genes in each of the clusters are given in tables S2-S13 in supplementary data (http://www.weizmann.ac.il/physics/complex/compphys/downloads/michalm/). Table 3 presents selected genes that were previously shown to be typical of one of the cell stages, and belong to one of the six clusters in Fig. 4 . Clusters 1 and 2 contain genes that are common to ESC and adult stem/progenitors cells and therefore may represent the "stemness" genes as previously defined (16, 23 and K3 (Fig. 4) , and thus are suppressed in HSPC or KSPC and seem to be unique to the ESC.
Their roles are apparently taken over in the tissue stem/progenitor cells by those of clusters H6 or K6, which show expression only in the stem/progenitor cells, and indeed contain genes known to be essential for the self-renewal and tissue differentiation and development [e.g. TP73L (p63), ITGB4 and BNC for skin (27) (28) (29) , and e.g. BMI1, CD34, TIE, KIT, TAL1 (SCL), and RUNX1 for blood (30-32) - Table 3 ]. It is of interest that the genes present in cluster 6 (H6, K6, Fig. 4 (38) .
Similarly, NANOG is another transcription factor that is involved in pluripotency and suppression of differentiation and NANOG deficient ESC show limited pluripotency and produce only endoderm like cells (3 , 10) . TDGF1 or cripto is an autocrine growth factor and stimulates cell proliferation at the expense of differentiation. TDGF1, when deficient, is embryonic lethal at post gastrulaion due to failure of morphogenesis (39) . LEFTB is a TGFβ related protein that regulates left-right early embryonic patterning (40) . The transcription factor SOX2 that regulates FGF4 expression, was found in all human ESC and is also a marker of neural progenitors. Frizzled (FZD), is a receptor for WNT and part of the WNT/β-catenin pathway. β-catenin activates the TCF transcription factor leading to proliferation and inhibition of differentiation (41, 42) .
Constitutive expression of SOX2 maintains the progenitor state and inhibits neuronal differentiation (43) . It may operate together with OCT4 to specify the three body layers at implantation (24) . The list includes also CDC6 that is required for initiation of DNA-replication (44) . Noteworthy in this list are genes that encode for protein involved in remodelling of chromatin. For example, SMARCA1 an homolog of the yeast general transcription activator of the SWI/SNF family members which known to be involved in chromatin remodelling (45) . This complex includes also members of SWI2/SNF2 family and histone deacetylase (HDAC). This suggests that a significant part of the regulation of gene expression in ESC is by epigenetic changes that regulate chromatin alteration.
Discussion
In this study we analyzed the expression profile of human ESC line 9. An important question concerning the gene expression profile of ESC is to try to define the gene list which is ESC-specific or highly enriched and may mark the signature of ESC. These genes should be characterized by their contribution to self-renewal, pluripotency and control of differentiation. A recent study (6) described a list of 92 genes that are common to six hESC lines and not expressed (at least 3 fold lower) in a mixture of RNA (universal RNA) which represents many adult differentiated tissues. Five out the 92 genes were absent from our Affymetrix chip. Of the remaining 87, we found 66 (76%) in clusters H1, H2 and H3 (Fig. 4) genes. In another study, significantly enriched genes in human ESC were identified, including specific genes coding for receptors (5) . We found that all of the most significant 25 receptor genes reported in that work and 15 out of the 25 most significant enriched genes (5) were present in clusters 1, 2 and 3 (Fig 4) . Among the most significant receptors we found the WNT receptor 
